Modern analyses of data for scientific reporting and healthcare management purposes require standardized and consistent definitions, something which also holds true for aortic root surgery, as part of the cardiovascular surgery spectrum. The aim of the present study was to investigate the currently employed nomenclature of the aortic root components. A questionnaire was constructed on the terminology of aortic root components, providing a list of common definitions including anatomical descriptions, as well as fields for custom responses. Responses were received from 534 cardiothoracic surgeons registered at www.ctsnet.org. Remarkable variations in definitions were detected. The most unanimously accepted terms were: 'aortic leaflets', the freely moving parts (52.6% of responses); 'commissures', the distal part of the leaflet attachments plus the peripheral area of the free edges of the leaflets (52.2%); 'semi-lunar leaflet attachment', the anatomic site of leaflet attachment (58%); 'annulus', the circular line defined by the nadirs of the leaflets (38%); 'interleaflet triangle', the tissue between two leaflets and annulus (23%); 'aortic valve', the three leaflets only (55%); 'aortic root' as composed of sinuses, tissue between the leaflets, sinutubular junction, leaflets and their wall attachment (63%). The remarkable variability on the everyday-used definitions of the aortic root components can potentially lead to misinterpretation of data. More stringent adoption of consistent, standardized definitions of aortic root components is necessary in the modern era of data collection and management.
INTRODUCTION
The conduit between the left ventricle and the ascending aorta, once thought as a passive blood pathway moderated by an unadorned unidirectional gateway, is now being appreciated as a highly sophisticated and complex structure. The various components of this ensemble, although seemingly simplistic in their macroscopic morphology, are however strategically situated [1] , endowed with the ability to adapt [2] , renew [3] , communicate [4] , interact with each other [5, 6] , so as to perfectly accommodate their objective as a whole [7] [8] [9] : the intermittent, unidirectional channelling of large volumes of fluid, while maintaining laminar flow, minimal resistance and least possible tissue stress and damage, over a widely and wildly varying haemodynamic conditions and demands [7] [8] [9] [10] .
It is the recognition of the overall superiority of this structurefar better than any man-made replacement-that has lead to the development of repair or 'sparing' surgical techniques respecting the functional and anatomical existence of its individual parts [11, 12] . Despite their complexity, these techniques and most importantly this surgical mentality are gaining increasing interest [12] [13] [14] [15] [16] [17] [18] .
Sophisticated methods for data analyses of large registries for the quality assessment of surgical techniques, such as aortic root procedures, are being steadily developed and employed. A fundamental prerequisite for the reliable acquisition, evaluation and interpretation of these data is the adoption of standardized and consistent definitions of the surgical procedures and the respective anatomical structures. It has been shown recently that failure to use standardized and consistent definitions may jeopardize the quality of the data gathered [19] .
We aimed to investigate by means of an international survey the definitions that cardiac surgeons employ to describe the components of the aortic root, the second most frequent area of cardiac surgical interventions.
METHODS
We constructed a questionnaire on the terminology of the components of the aortic root including two overly simplistic schemes of the 'opened out aortic valve' (Figs 1 and 2) . The questions and the predefined answers (Table 1) were compiled from-but not limited to-acknowledged textbooks of cardiac surgery [20] , as well as vast literature including anatomical studies [1, 9, 12, [21] [22] [23] [24] [25] [26] . Only the not unanimously used definitions were integrated in the survey. The term 'sinutubular junction' as the most distal part of the aortic root, the term 'sinuses of Valsalva' and their 'nadirs' as the most proximal point of the sinuses touching the 'annulus' were not included in the questionnaire because there seems to be no real disagreement on these terms. The questionnaire was sent via e-mail to cardiothoracic surgeons registered at www.ctsnet.org. All individuals were asked to identify their country where they practice and their position at their institution. We requested that only one answer per question should be selected and for all questions a blank field was provided in case no predefined answer was deemed satisfactory.
Statistical analysis of the results was performed using R version 2.13.1 (R Development Core Team 2011. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, http://www. R-project.org/). Comparisons were performed using χ 2 and ANOVA methods, where appropriate. Table 2 and the responses to the predefined answers of 534 responders in Table 1 . Three hundred and thirty-six custom answers (9%) were provided in the blank fields. The most often provided answers in the blanks are presented in Table 3 .
RESULTS

Demographics are displayed in
The term 'leaflet' was significantly more popular among heads of departments (58% of responses among heads of departments, P < 0.01). The majority of consultants responded that both terms can be used interchangeably (51% of responses) while surgeons in training choose equivalently between the terms 'leaflets' and 'cusps'. No regional differences could be observed. With all other questions there was no difference in responses with respect to the position of the responders or their nationality.
DISCUSSION
This international survey on the terminology of surgically important, however, not unanimously adapted definitions of aortic root components provides some evidence that there is a remarkable variability of definitions employed.
The moving parts, separating the aorta from the ventricle are called in the majority of the responses (52%) 'leaflets'. This seems reasonable because 'leaflet' essentially has the meaning of 'a small leaf' [Merriam-Webster Online Dictionary, http://www. merriam-webster.com/ (accessed 12 August 2011), Oxford Dictionaries, http://oxforddictionaries.com (accessed 12 August 2011)] which depicts the thin structure of these components. The term 'cusp' that is defined as 'a pointed end and where two curves meet' [Merriam-Webster Online Dictionary, http://www. merriam-webster.com/ (accessed 12 August 2011), Oxford Dictionaries, http://oxforddictionaries.com (accessed 12 August 2011)] was chosen by 37% of responders. Thus, two different terms are employed for the same anatomical structure. This is also reflected by the answers given in the blank fields where 42 answers point out that 'leaflet' and 'cusp' can be used interchangeably. For the sake of standardization of the nomenclature the term 'leaflet' should be preferred, something which is also supported recently by Frater and Anderson [23] ; however, the term 'cusp' may lead to no significant misinterpretation.
The term 'commissure' originates from the Latin word 'commissura' indicating 'a point or line of union or junction especially between two anatomical parts' [Merriam-Webster Online Dictionary, http://www.merriam-webster.com/ (accessed 12 August 2011), Oxford Dictionaries, http://oxforddictionaries.com (accessed 12 August 2011)]. As depicted in the questionnaire, the term 'commissure' was used for two very different areas of the root ( Table 1 , Fig. 1 ). Fifty-two per cent of the responses defined the 'commissure' as 'the parallel course of the distal part of the semi-lunar leaflet attachment plus the peripheral area of the coapting parts of the free edges of the leaflets'. It remains open whether our hint in the questionnaire ('subcomissural annuloplasty' and 'commissurotomy'-two well-established operative procedures) had influenced the results. Only few answers were provided in the blank fields, underlining that these terms, as given in the questionnaire, were appropriate in general. In a vernacular sense, the term 'commissures' could describe both areas. However, it is potentially troublesome that one term defines two different anatomical areas, therefore we propose the use of the term 'commissure' only for the distal parts of the leaflet attachment which reflects the common usage as recently published [23] (Fig. 3) .
For the attachment of the leaflets to the wall of the aorta, the majority of responders (58%) found the term 'semi-lunar leaflet/ cusp attachment' most appropriate which is in accordance with anatomists [22, 25] and as such seems to be a well-established term, although 21 answers (4%) in the blank fields would like to (Table 1 ). name this area as 'annulus'. This may be ascribed to the fact that this area consists of dense fibrosis tissue and is in part used for surgically fixating prosthetic valves [27] . However, the elliptical insertion lines of the leaflets have more or less the form of a crown than a ring rendering perhaps the term 'annulus' less appropriate.
The circumference defined by the nadirs of the semi-lunar leaflet attachments is difficult to term because there is no real, anatomically or histologically distinct, circular structure [22] . The term 'annulus' and combined terms incorporating the word 'annulus' gathered 61% of all responses. This probably stems from the fact that this is the level measured by echocardiographers as 'aortic valve annulus'. In contrast, it has been shown that prosthetic valves are inserted somewhat more proximally, more towards the level of the anatomic ventriculo-arterial junction, which is due to the placement of the sutures predominently through the scalloped attachment of the excised leaflets, from the nadir of the sinus up to midway to the commissures [24, 27] . Furthermore, this is the area of the smallest diameter in the blood path between the left ventricle and the aorta and determines the fitting position of prosthetic valve sizers and therefore the size of the prosthetic valve to be implanted. In addition to this, the use of this definition gives a good impression of the employed operative techniques such as the positioning of the prostheses 'supra' or 'intra-annular'. Although this area presents a virtual ring, the term 'annulus' has a reasonable background. In the survey, the term 'annulus' was followed in popularity by the term 'ventriculo-aortic junction' (34% of responses). The term 'ventriculo-arterial junction' is rather ambiguous as the 'anatomical ventriculo-arterial junction' represents the limit The composition of the distal parts of the attachment of the leaflets/ cusps to the aortic wall plus the peripheral area of the coapting parts of the free edges of the leaflets/cusps (Fig. 1, left and right) 52
Only the short distance, where the most distal parts of the attachment of the leaflets/cusps to the aortic wall run in more or less parallel, almost conjoining (Fig. 1, left) 35
Only the peripheral part of zones of apposition of the free edges of the leaflets/cusps (Fig. 1, right) 10 (3a) How do you term the dashed line in Fig. 2 The three leaflets/cusps only 55 The sinuses, the tissue of the aortic wall between leaflets/cusps and the sinutubular junction and leaflets/cusps, and the attachment of leaflets/cusps to the aortic wall 28 (6) The 'aortic root' consists of:
The sinuses, the tissue of the aortic wall between leaflets/cusps and sinutubular junction and the leaflets/cusps, and the attachments of the leaflets/cusps to the aortic wall 63
Only the sinuses, the tissue between leaflets/cusps and sinutubular junction, and the attachment of leaflets/cusps to the aortic wall 27 between the left ventricular myocardium and the arterial structure of the aorta, whereas the 'haemodynamic ventriculo-arterial junction' is represented by the coronet shaped leaflet insertion and defines the separation level of the ventricular and arterial haemodynamics. From a strict anatomic point of view, the 'anatomic/histologic ventriculo-arterial' as well as the 'haemodynamic ventriculo-arterial' junction lie somewhat more distal to the 'annulus' [21, 22, 25] and define the area of interest less precisely. To avoid confusion that may arise with the terms 'haemodynamic' and 'anatomic/histologic ventriculo-arterial junction', we propose the use of the term 'annulus' to describe the virtual, circular ring defined by the nadirs of the semi-lunar leaflet attachments (Fig. 3) .
The tissue between the semi-lunar attachments of the leaflets from their nadir up to the level of the commissure was most often termed 'interleaflet triangle' (23%). This is in line with other reports of anatomists [22, 23, 25] . However, no single term collected more than one-fourth of the total answers. Various terms were used to identify these structures; all expressions included the term 'triangle' or 'trigone'. However, because the term 'right and left trigone' is already employed to describe the fibrous components of the heart, the term 'triangle' may be more appropriate to describe the tissue between the leaflet attachments and the annulus, in order to prevent confusion.
The exact location and definition of term 'aortic valve'-the anatomic area where the second most frequent interventions in cardiac surgery are performed-was also defined variably. Fifty-five per cent of responders identified the aortic valve as comprising of only the three 'leaflet/cusps'. This seems logical since the aortic 'valve' replacement procedure-the most frequent valve operation-aims to replace the diseased or malfunctioning 'leaflets' in order to restore the normal function of the sealing mechanism. However, 28% of responses indicated that the 'aortic valve' is a more complex structure consisting of the 'sinuses, the tissue of the aortic wall between leaflet/cusps, the sinutubular junction, the leaflet/cusp and their attachments to the aortic wall' which is also supported by the large number of custom answers provided in the blank fields. Behind this extended definition could have been the notion that the aortic valve must be more than the leaflet since various pathologies that do not affect the leaflets (such as dilatation of the sinutubular junction) may render the valve incompetent, a notion that one cannot regard as illogical. At first glance, it seems that this variability of definitions may not pose a problem in the everyday communication within the cardiac surgical community because experienced surgeons may know or suspect what is the true meaning or the exact anatomic location of each term or definition. But even between surgeons, there is disagreement, for example, if the 'aortic valve' consists of the leaflets only or if it is a broader, more complex structure (Table 3) or if the 'aortic root' is part of the 'ascending aorta' or not, indicating that there is a considerable potential for misinterpretation within the specialty itself. This becomes even more critical if non-specialists in the field are analysing or coding large databases for healthcare management or quality assessment purposes [19] .
In summary, a considerable variation of definitions for aortic root components became evident in this international survey, potentially causing confusion, especially among non-specialists. For precise interpretation and reporting of data as well as for quality assessment of surgical procedures in a modern world of sophisticated data management, more consistent and eventually standardized definitions should be applied. Based on the research of the literature as well as on the results of this survey, we propose a consensus on the definitions of the aortic root components ( Fig. 3) , perhaps as a first step towards a common, unequivocal terminology for aortic root components. With this consensus, the exact anatomic areas of surgical interest are clearly defined, and the terms used to describe complex procedures such as valve sparing aortic root replacement (David/ Yacoub operation, replacement of the root without replacement of the leaflets) and aortic root replacement (Bentall operation, replacement of the root and the leaflets) can be unequivocally employed.
